MATERIALS
AND
METHODS



MATERIALS AND METHODS

The biggest challenge [or today™s microbiologists and medical professionals is to

contrael the spread of potential human pathogens, which have developed resistanee to

a large number of antibiotics. In order to overcome this problem ethno-biologist

toect]

1er with the microbiologist are looking forward to the higher plants as the source

of new. more effective and less toxic antimicrobial substance.

AL

PREPARATION OF PLANT EXTRACTS:

Twenty-cight different medicinal plants and their parls were studied as  water,

methanol. ethanol and acetone soluble cxtracls utilizing the techniques mentioned

below.

i

Dried plant materials were ground ime nowder form. A 3%solution was made
i sterile distilled water. [Uwas kept soahed for 3 days and cach dav it was
stirred with a magnetic stirrer for one hour. |he mixture was filtered on sterile
cheesecloth. The filtrate was divided into two portion, onc portion was filter

sterilized while the other portion was autoclaved

Iresh plant were washed twice once with wp water then with distilled walter.
AL 4°C Pecls from Bera videaris and FPersea americana mill were removed
with the help of a peeler. Both the peel and the remaining portion  of pulp
were cut separately into smalter picces and were scaked in different salvents

namely water, ethanol, methanc! and chlorofors, Porpinra tenera consisted
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of thin sheets, which were cut into small picces and soaked in organic solvents
and water. Irom Sodcnnin iunberasian three tssues were taken out i.e. peel, sub
peel (1/4 cm thick layer from the pulp) and pulp. These tissues were separated
and cut into small pieces and soaked in water. The mixtures of organic
selventiwater with plant parts were stirred on magnetic stirrer for 1 he. All

mixtures were kept at 4°C for 48 hrs. Afler two days mixtures ware again

stirred on magnetic stirrer for | hour and were filtered through sterile
cheesecioth. Filtrate of each organic solvent was collected in separate
evaporating dish. These dishes were kept in fume cupboard for the solvent to
evaporate, After two davs dried residues were collected. In case of waler

selution {iltrate was centrifuged at 10,600 vpm for 15 minutes, supernatant was

collected and was termed as 100% water solution fextract.

B. ISOLATION AND IDENTIFICATION OF BACTERIAL CULTURES

Bacterial cultures used in this study are listed in Table 2. All organisms were grown
acrobically at 37°C for 24 hrs on Mucller Hinton agar. except 8. sedrinux and
Noanguinds, Ssanguinis was grown anacrobically on tryptic soya broth and S
sahrinies was also grown anacrobically bul in treated trvtpic sova agar / broth the
tryptic broth and agar were pre treated with 3 me of dextranase 7 gm of the dry mass
of the media at 35°C for 2 hrs and 1 me ol invertase/gm dry weight of the media at
37°C tor 2 hrs. The bacterial cullure was prepared by inoculating 3— 4 isolated
colonies from agar piate in the broth whby and incubated in shaking water bath at 37°C

for 1.3 hours.
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C.

DETERMINATION OF SUSCEPTIBILITY OF BACTERIAL

ISOLATES TO STANDARD ANTIBIOTICS AND PLANT PRODUCTS

For the treatment of infecuous diseases clinicians seleet the antibiotic on the basis of

their minimal inhibitory concentration (MIC). A traditional method for screening the

presence of antunicrobial potential of the plant product/druy is the agar well diffusion

method. After confirming the antimicrobial of activity of this compound. in this study

minimal inhibitory concentration cf that product/drug is evaluated by the micro/macro

broth dilution method. We have used micro broth dilution method to determine the

MIC of the plant-derived substances. Small guantity of the broth culture and the

sithstance is required for the micro method (597,

Agar well diffusion method:

Twentv-four hours old culture was inoculated in Mucller Hinton broth and
was incubated for 2-1.2 hro To determine the acwally growing culture
Turbidity was then adjusted to 0.3 McFarland, With the help of sterile cotton
swab bacterial culture was spread on the Mueiler [inton agar plate. Wells
were dug with the help of sterile metallic borer. Different dilutions of the
extract prepared in water were poured in orespective wells. The plates were

incubated at 377 C for 24 hours and zone of inhihition were recorded (18).

Disc diffusion method:
The bacterial cultures (Table 2y were cellected from different hospitals and

laboratories were first identified according 4o the standard methods and then
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screened against commercially available standard antibiotics (Table 3) for

their susceplibility profiles by disk diffusion method of Baur and Kirby.

Minimum [rhibitory Concentration (MIC) by Micro broth Diintion
Method:

In sterile flat-bottomed 96 well plates two fold dilution of aqueous and organic
extracts of different plant parts were prepared in Mueller Hinton broth. 20 ul
of bacterial culture containing 107 CFU/mI was added in cach well including
positive control containing only broth, Negative control consisted of serial
dilution of aqueous and organic extracts only. Plates were incubated at 37°C
for 24 hrs and cbserved for the development ol turbidity. The highest dilution

ot the extract showing no turbidity was recorded as MIC (64,144).

SCREENING OF PLANT PRODUCTS IN COMBINATION WITH

ANTIBIOTICS:

Large nomber of antibiotics has lost their efficacy against many bacteria because of

the develepment of drug resistant mutants. To cvercome this problem microbiologist

are compining two or more antibiotics with different mode of action to prepare the

synergistic combination. In this study two synergistic combinations have been

formulated. one containing amoxicillin and water solution of O fistula and other

consists of Shamimin and amoxicillin. The synergistic preparations were evaluated by

ithe following methods.
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Disc Diffusion Method

Filter paper dises were divided into two groups. Disc in-group 1 were
mmpregnated with 10 pl of the combination (leaf” stem or fruit). eroup 2 had
aqueous fruit extract of . fisteder (130 pes 10 1) or amoxicillin (15 ped 10 uh
alone. Leaf. stem and fruit extracts of C.fistula were tested for the synergistic
aclivity by the disc ditfusion assay (121), Bacterial inoculum of MDR Sy
was preparcd by suspending them in MucHer Hinton Broth from MacConkeys
agar plate. Broth culture was incubated for 2-%% hrs. wrbidity was adjusted to
0.3 McFarland standard. 13 minutes of adjusting the turbidity of the inoculum,
with the help of the sterile cotion swabs the dricd surface of the Mueller
[linton agar plate was streaked with the crganisms. ilter paper dises were
evenly placed and firmly pressed on the imeculated plate with the help of
lforceps. After 24 hours of incubation. the antimicrobial etfects of the samples

that produced zone of inhibition were recorded (L8),

Checkerboard Titration

Combimation of fruit extract with Amoxicillin gave synergistic effect against
the muliidrug resistant strains of 8 el Checkerboard titration was carried
out to detenmine the synerey and MIC of Amoxicillin and fruit extract of €
fisreda in micro titer trays with cation supplemented Mueller Tlinton broth
(Difco USA), Fruit extract of ¢ fsida and Amoxicillin were tested at five
different concentration from 1935 — 3120 pp/ml and 039 - 125 pg/ml

respectively. Fruit extract of O fistida was dispensed aleone in the first row, C

fistrla and Amoxicillin were combined i the remaining row, and amoxicillin

was also dispensed alone in the last column. ITnocula were prepared by



suspending growth from MacConkeys agar plate in to Mueller Hinton broth.
Density of broth culture at logarithimic phase was adjusted to that of 0.5 Mc
Farland Standard. This was diluted such that tinal inoculum contained 3 x 10°
CFL/ml Trays were incubated aerchically over night. The lowest dilution
containing no turbidity was considered as MIC, Tractional Inhibitory
Concentration (I'1CY were calculated as MIC of the amoxicillin and {run
extract of . fistule in combination » MIC of the amexicillin or fruit extract of
(" fistida alone (Table --). In order to evaluate the outcome of combination of
Amoxicillin and fruit extract of ¢ fisonda fractional inhibitory (FIC) index was
calculated as the summation of FIC = FIC aveann ™ FICe ). Individual
checkerbouard was repeated three times for cach isolate and combination. A
mean [1C index was calculated practical to a commonly utilized definition of
synergy and classificd as cither svnercistic (=0.5) Additive or indifferent

{=0.6-2) antagonistic (0.2--43 (39.271),

L. EFFECT OF PLANT PRODUCTS ON GROWTH KINETICS OF

SUSCEFPTIBLE BACTERIA

In order to determine the bactericidal effect of plant derived substances on the growth
of bacteria. 1/10 of MIC of Amoxy-cassia. Cfvgla and  Amoxieillin were
incorporated in the broth tubes separatels. Each tube was inoculated with bacterial
culture containing 10° CFU/m). Number of Cell forming unit (CFUY were counted at
07 minute, 30 minutes and ticn after each hour tll § hours. Graph was plotied

Bt cen o of number of bacteria versus tme (241).
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I EFFECT OF PLANT PRODUCTS ON THE PATHOGENESIS OF

CARIOGENIC BACTERIA

For the initiation of infectious discases, the most important factor i1s the adhesion of
bacicria to the host tissues. Oral bacteria cause infections due to their ability to adhere
on the teeth and other surface of the oral cavity. aggregation of the bacteria to the

reduct dextran produced by 8 naresn specics and coagarceeation among different
3 ] gyreg 5

hacierial pathogens of the oral cavity.

In this study the bacterial species used were Ssodrims. Ssangions. and A naeshindil
714V The organisms were pretreated with organic extracts at lhie concentrations of 25
mzmit and 2.5 mg/ml and 50% and 3% of agueous solution of Persea cmericanca mill,
Beta vulearic (beet) rool, Porplivia tenera (sea vegetable) and Solarmm twherosum

{potate), Three models were set up to study the effect of plant products on infection of

oral bacteria, which are as follows:

I, The fust model consists of adherence of caniogente S, sargudiiy 1@ human O
RBC, Tn this assay cleven two-told dilutions of pretreated S sanguinis at 1.0
Asywere prepared i osterite 96 well plates, Well number 12 was treated as
negative control. In all wells 200l of Z0% human "O° RBC were added. In
positive control plate mannose susar was also included along with bacteria
and RBC. The plates were incubated at 37°C for 2 hours, Plates were observed
for the formation of matrisvbutton. To confirm the results plates were

: fhr .
incubated at 47°C for 24 hours and observation was recorded again.
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[n the second model aggregation of Ssobrinus with high molecular weight
dextran fproduced by Strept. nnitenirsy was studied using 96 well microtiter
plates. First well was kept as control containing 4.065 ml of untreated culture.
The remaining wells contained 0.065 ml of pretreated cultures of S. sobrinus.
Then 0.020 m! of distilled water and {inally 0.005 ml of high melccular weight
dextran (0.5 ug/ml) was added in cach well, OD of the wells was recorded at
0" minute and then afier every 30 minutes for 2 hours. Graph was plotted
between the OD of the culture and time in minutes. In negative control
experiment low  molecular weight dextran was included 1o inhibit the
aggregation. Decrease in OD was observed in case of positive control (56).
Il the third model A naeshlvnddii TV co- ageresates with S0 sanguiy 35
when present in oral cavity, - viteo sinilar assay was set up in 96 swell
microtiter plates. A, paeshlundii T14V was treated with the plant derived
substances, The first well of micratiter plate was kept as posilive control and
Stul of S sanguis and untreated A noestundii TT4V at OD 1.0 Asyy were
added, In remaining wells 5. sanguis 35 and pretreated A, waeslundii T14V
vere added and OD was observed al "0 minute and after cvery 30 minutes for
2 hrs, In nezative control plate [3-lactose (B-x-Gal (7-4) was added to mhibit

the reaction.

EFFECT OF PLANT PRODUCTS ON THE ATTACHMENT OF

VROPATHOGENIC E. COLITYPE 1.



Mannose resistant £ coff type 1 attaches itself to the cells of the urinary  tract lining
with the help of pili. The pili have the ability to produce the capsule like substance,
which covers the bacteria. and make them indistinguishable by the immune system.
During ths study - we developed an in-vitro maodel to determine the adherence of
mannose resislant £ cofi typel. Mannose resistant & cofi type 1 was ailowed to adhere
to the guinea pig RBCs. In this assay eleven two-fold dilutions of pretreated mannose
resisiant £ coli typel at an OD [0 Ay were prepared in sterile 96 well plates. Well
number 12 was treated as control. which contained saline. In all other wells 20ul of
20%% guinea pig RBC was added. In positive control plate mannose sugar was also
included along with bacteria and RBC. The plates were incubated at 37°C for 2 hours.
Plates were observed for the formation of matrix/button. To confinm the results plates

were incubated at 47C for 24 hours and results were recorded again,

11. FLOW CYTOMETRIC EVALUATION OF THE EFFECT OF PLANT

PRODUCTS ON CARIOGENIC AND UROPATHOGENIC BACTERIA

Maost important step in the pathogenesis of bacteria is its ability o adhere to the host
surface. Becavse afler firmly attaching themselves o the host tissue. bacteria secrele
toxic substances and mulliply in the hody of the host, Thus plant derived substances
that inhibits the adherence of bacieria to the host play an important role in treatment
o infectious disease. Earlier in this study. in-vitro adhesion of cariogenic § sariguiniy
and mannose resistant E coli wpe | owere siudicd inonvcre titer 96 well plate, The
plant extracts. which were fond 1o be effective i mhibiting bacterial adherence o

Buman RBC thus reducing hemagglutination titer as compared 1o the control, were



further evalvated by the flow cyvtometery technique. Bacterial cultures of S0 sanguis
and £ coli type [ were grown for 18 hours in tryvplic soya broth then centrifuged at
4"C and 10.000 rpm for 10 minutes. The bacterial culture was washed (wice with PBS
7.3, The optimal density of the culture was adjusted w0 density 1.0 a1 AsyThe
Bacierial cultures were pretreated with aqueous solution and organic extracts of the
plant. Bacterial culture used as control was left untreated. Fluorescent staining of
bacteria was performed according 1o Logen et al. Ilourescent labeled S. sarguis were

mixed with human "O° RBC and £, coli type 1 with guinea pig RBC.

The reaction was analvzed on IFluorccien Activated Cell Sorter ( FACS - Becton -
Dickinson. Sparks, MD) Flow cylometeric analy ses were performed using cell quest
software provided by the manufacturers (Becton Dickinson- USA ). Seattered plots
consist of points representing cach RBC. where the "X axis is a measure of the size
of detected particles and the Y-axis measures internal cellular complexity e,
(granularity), [Histogram indicates the distribution of RBC based on their relative
fluorescence intensity and Y is the number of particles counted at specific
fluorescence and set as a basal of {luorescence resulting in histogram peak at the lar
feft of the X axis is the number of particles counted at the specific fluorescence
intensity. For histegram analysis M marker was sel (o incorporale approximately
05% of the evemts for the auto fluorescence of RBC (Fig. 1-A). The median
fluorescepce intensity of subsequent histogram peaks falling outside. The median
flunrescence intensity of subsequent histoeram peaks falling outside the MI marker

was recorded for adhesion analysis as an increase in overall Fluorescence.



When o analyvzing the  adhesion between  bacteria and RBC  bacterial  clumps
occasionally appearced with the size range of the RBC. The clump did not interlere
with the analvsis of the RBC duc 10 their ability to exclude this data {rom analvsis of
RBC fluorescence intensity. The clump bhacteria can he disregarded by running a
sample of bacteria alone and gating out the resulting dot plot population therefore
selecting a population that contained a majority of RBC. Furthermore histogram data
representing chunped bacteria can be excluded from analysis by setting an additional
marker arcund the clumped bacteria peak and disregarding any data that appears

within this peak (which always appear outside the range of RBC intensity).

L EFFECT OF PLANT PRODUCTS ON § AGALACTIAE VAGINAL

INFECTIONS IN RATS.

8 agalactive arc known 10 colonise in the female vagina, though they don't cause any
narm 1o the normal adult. But when they are present in pregnant women they are
wransicrred 1o the baby during delivery and cab a couse ol [atal neonatal discases. The
nlant products used to develop this infection medel were polyphenoloxidase (PPO)

and asparaginase. 13oth of these plant-derived enzymes are koown to have the

property of inhibiting the adhesion of bacieria 1o he cukarvotic cells.

For this infection model. virgin female Sprazue Dawley rats (source) were infected
with the inoculum containing 1078 agalactiae. Infection was allowed to develop for 2
davs. They were than divided into three groups. [irst group was trcated with 80 units

of asparaginase second group was treated with 200 units of PPO and the control group
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was treated with saline. Again afier 12 hours same treatment was given to each group
of rats. Fach day from day "0 day 207, 10 pl of vaginal secreation was collected
and was cultured on Columbia blood agar with 5% sheep blood supplemented wath 10
pemb colistin sulfate and [3 pg/mi of nalidixic acid for the growth of S0 agalactiae.
Number of colony forming units (CFLY of S agedacriae 10Ul of vaginal secretion in

euch rat were counted and recorded (122).

J TOXICITY OF PLANT PRODUCTS FOR BALB/e MICE

[n order o evaluate  the toxicity level of various drugs. Lethal dose (L1su) 1s usually
determined in mice and other laboratory animals by exposing them w several different
concentrations. In this study the plant extracts were administered in ditferent doses to
check their toxicity in BALB/c mice. Different group ot mice A, B, C. D were
injected by the intra peritoneal route with different dilutigns of plant extracts. The
group [+ that received only saline instead of plant products was included as control
group. Animals in group A were injected intra-peritoneal with 1000, 300, 230 and
125 mg of aqueous fruit extract / Kg hody weisht of mice. Group B was given 100.
50. 23 and 12.5 mg of amoxicillin / body weight of the mice, Group C was given
combination of fruit extract and amoxicillin in the cancentration ot 1000:100. 500:50.
230:23 and 123:12.53 mg/body weight of the mice. Geoup I was given 150,300.600,
1200me of methano! exwract of P harmeda. Animals were kept under observation and
their monality and behavior was observed up 1o vwo weeks The LD was caleulated

v Reed and Muench method. (23,1131,

K. EFFECT OF PLANT PRODUCTS ON HOST IMMUNE RESPONSE
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Ihere are many plant derived substance and antimicrobial compounds, which alfects
the immune system. Some of them have positive effect on immune system as they
enthance the activity of the specific and non-specific immunce response to infection.
They can plav a very effective role in the treatiment of different infectious discases
specially. m o immunocompramized patients. Inmmunomodulating  properties of our

.

syaergistic formulation “Amoxy-cassia™, and cach component i.c. Cassia fistula und
amoxicillin was studied by evaluating the antibody liter and the number of antibody

secreting plasm cells in BALB/C mice. Assavs  employed were Haemagglutination

and Hemolvtic plaque assay.

[n this experiment, 4 groups™ 20 female BALD/c mice were used. Lach group
consisted of 5 mice each. On day zero. first group of mice were intra-peritoneally
injected with 10 ug/ml of Amoxy- eassia. Group 2 were treated with 10 ug/ml of
Cassla fistile, Group 3 mice were treated with | oazg/ml of amoxicillin, Group 4

animals were treated with saline. On dav " same weatiment as day 07 was given o

i/

cach ammal and then 0.2 ml of 10% washed SEBCs were injected i the peritoneum
; F

of preup 1. 2, 3 and 4. On day 2, w1 group 17 animals. 5 pg of Amoxy- cassia was

L=

-

injected mrra peritoneally. n group 2 mice. 3 wg'ml of O fistzda frat solution was
introduced. In group 3 animals 0.3 po'ml af amexicillin was introduced. The control
croup of animals, Group 4 was treated with saline instead of Amoxy-cassia. RiTect of
plant-derived substance on the immune system of BALB/¢ mice was determined by
anti- SRBC hemagglutinabon titer in test and cantrol animais.

oD

[. Anti- SRBC antibody titer by haemagglutination (H.A)
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Blood from the treated and control mice were collected on day 4, 5. 6 and 7.
Serum was separated. Twentv-three, two fold serial dilutions of serum from
cach group of mice were prepared iy microtiter plate. The contents of the wells
were mixed thorcughlyv, Then 20 ul of 1% sheep RBC were added in cach
well. Plates were incubated at 37°C for 2 hrs. And then wells were observed
for matrix /button formation. Plates were incubated again at 4°C over night to
confirm  the results,  Reciprocal of  the  highest  dilution  showing

hemagglutination was considered as hemagglutination titer (11LA).

Hemolvtic plaque assay for detecting anti-SRBC antibody  scercting
plasma celis

In this experiment gach the animal was Kilicd on dav 4" by cervical
dislocation and the spleen was removed aseptically. The spleen was macerated
and washed n tissue culture mediom. Then the cells were filtered and
centrifuged. The pellets were diluted in the fissue culture and cell density was

adjusted 110 “cells/ml. Spleen cells were swored on ice.

The spleen cells were mixed with equal velume of 100ul ml of washed 10%
SRBC and 300wl of plaging medivm 1% agarose in Hanks balanced salt). The
suspension was kept i water bath ar 3070 and was mix thoroughly. Spleen
cell mixture was poured on to the  pre- coated glass slides (0.1% agarose
coated). Slides were incubated at 37°C for one hour, Then 8 ml of 1:2 diluted
euinca pig or rabbit complement in veronai saline was poured on the slide and

incubated for 30 minutes at 37°C. Number of plagues/10” cells were counted.
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I'o confirm the results slides were incubated at 4 " C over night and plaque

were counted again (211).
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